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Abstract 
 
In this paper, we propose a terahertz wave detector using a grain boundary Josephson junctions (GBJJs) with a single slot-dipole 
antenna (SDA). A full-wavelength single SDA structure designed for 220 GHz was patterned with an Au on an YBa2Cu3O7-  
(YBCO) GBJJ covered with an insulating benzocyclobutene (BCB). The current-voltage characteristic of the detector showed clear 
Shapiro steps for radio frequency wave irradiation at frequencies around the designed one. 
 
© 2013 The Authors. Published by Elsevier B.V. Selection and/or peer-review under responsibility of ISS Program Committee. 
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1. Introduction 
  
Terahertz (THz) wave is the electro-magnetic wave of about from 100 GHz to 10 THz, which is the band between 
millimeter wave and infrared. THz wave has transparency of radio wave, straightness of optical wave and feature 
absorption lines varying as materials. So THz wave is going to be used for imaging [1], biological and chemical 
analyzing [2] and so on. The THz wave can be detected using some semiconductor detectors (for examples, Si 
bolometer and Schottky barrier diode detector, which have been actually used) or low-temperature superconductor 
detectors (for examples, superconductor bolometer [3], kinetic inductance detector [4], which have been examining). 
However, these detectors have both merits and demerits. For examples, Si bolometer has wide detecting frequency 
range, but this is needed to be cooled down to a few Kelvin because of thermal noise; Schottky barrier diode detector 
can be used at room temperature, but its detecting frequency range is limited; and low-temperature superconductor 
detectors have higher sensitivity than semiconductor detectors, while these are needed to be cooled down to a few 
Kelvin because of superconducting transition. Therefore, more sensitive general-purpose detectors are desired. 
We have been studying about detectors using high-temperature superconductor Josephson junctions (JJs), because 
they can work liquid nitrogen temperature (77 K) and their sensitivity around THz wave band is high. We have 
reported on the detectors coupled with two sets of slot dipole antenna (SDA) and coplanar wave guide [5]. These 
antennas have relatively low feed point impedance, but coplanar wave guides limit band width as a detector. So, in 
order to develop wide band and sensitive THz detectors, we have been studying about JJ detectors with no coplanar 
wave guide. In this paper, we propose a JJ detector coupled with a single SDA and report the fabrication and the 
evaluation of the detector. 
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Fig. 1. Process for fabrication of single SDA coupled JJ detectors. (a) Au/YBCO/Bicrystal MgO thin film; (b) making 
of a microbridge; (c) removing of Au on the bridge and making of electrodes; (d) making of an insulating layer; (e) 
making of a single SDA. 
 
2. Experimental 
  
In the detector, the grain boundary JJ and the single full-wavelength SDA were made of YBa2Cu3O7-  (YBCO) and 
Au, respectively. The antenna was laid above the junction separating with an insulating benzocyclobutene (BCB) layer. 
The detector was fabricated as follows: At first, a thin film of Au/YBCO/Bicrystal MgO, whose values of thickness 
were 50 nm, 100 nm and 0.5 mm, respectively, was prepared (Fig. 1 (a)). Then, the Au and the YBCO layers were 
etched by Ar ion etching with photolithography, and a microbridge was fabricated (Fig. 1 (b)). In the next, the Au on 
the bridge was removed and electrodes were fabricated (Fig. 1 (c)). After that, insulating layer was made of BCB (Fig. 
1 (d)). Finally, an Au layer was deposited on the BCB layer by sputtering, and a SDA was fabricated by Ar ion etching 
with photolithography (Fig. 1 (e)).  
The fabricated detectors were evaluated on current-voltage (I-V) characteristics using the setup shown in Fig. 2. 
This setup composed of a microwave signal generator, an amplifier, frequency multipliers, a horn antenna, a lens, a 
parabolic mirror, a pulse tube cryocooler, I-V characteristic measurement instruments and a computer. A sample set on 
the cryocooler was cooled down to about 30 K, after that, radio frequency (RF) wave of 180-240 GHz was irradiated 
to the sample when RF responses were measured. Then I-V characteristic was measured.  
 
 
Fig. 2. Experimental setup for measurement of RF wave response. 
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Fig. 3. Optical microscope image of the fabricated single SDA coupled JJ detector. (a) whole view; (b) magnified view 
of the area surrounded by spotted line in (a). 
 
3. Results and discussions 
 
Fig. 3 shows optical microscope images of the fabricated single SDA coupled JJ detector designed for 220 GHz. 
The width of the microbridge, the length and the width of the antenna slot, and the thickness of the BCB layer were 5 
m, 700 m, 20 m and 2.5 m, respectively. 
Fig. 4 (a) shows an I-V characteristic of the junction measured at 30 K. The values of critical current IC, normal 
resistivity RN and ICRN product were 1.3 mA, 0.62  and 0.81 mV, respectively. Measured I-V characteristic is 
corresponding to calculated characteristic from the resistively shunted junction (RSJ) model:  
V=0   (|I|<IC)  (1) 
V=RN(I2-IC2)1/2   (|I|>IC)  (2) 
Fig. 4 (b) shows the I-V characteristic measured when the RF wave of 193 GHz was irradiated. In this time, the power 
of the RF wave was 0-415 W. The larger the RF power, the much Shapiro steps were appeared and the current values 
of the 0th steps were decreased. However, the current value of the 0th steps did not decrease to zero. This result shows 
that the coupling between the junction and the antenna is worse. From our result of simulation, the feed point 
impedance of the antenna was calculated as 3 . Therefore, we thought that this caused from large impedance 
mismatching between the junction and the antenna.  
In order to improve the impedance matching, the micro bridge was etched to 3 m width by ultraviolet laser 
etching. The I-V characteristic after the etching at 30 K is shown in Fig. 5 (a). The values of IC, RN and ICRN product 
were 0.68 mA, 1.06  and 0.72 mV, respectively. The RN was increased to about 1.7 times and the difference of the 
values of impedance of the junction and the antenna was decreased. Fig. 5 (b) shows the RF wave response at 193 
GHz, whose power was 0-415 W.  When the power was 278 W, the current value of the 0th step was decreased to 
zero. This shows that the coupling between the junction and the antenna was improved.  
 
 
Fig. 4. I-V characteristic of the detector at 30 K. (a) the RF wave was off; (b) the RF wave response for 193 GHz. The 
values of the power were 0 (off), 2, 17, 70, 139, 220, 344 and 415 W, from left hand. Each characteristic is shifted by 
0.4 mV. 
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Fig. 5. I-V characteristic of the detector after the etching at 30 K. (a) the RF wave was off; (b) the frequency was 193 
GHz and the power were 0 (off), 10, 30, 60, 99, 135, 195, 208, 278, 360, 402 and 415 W (from left hand).  
 
4. Summary 
 
The single-slot-dipole-antenna coupled YBCO Josephson junction detector was fabricated, whose values of critical 
current IC, normal resistivity RN and ICRN product were 1.3 mA, 0.62  and 0.81 mV, respectively. In the RF wave 
response, whose frequency and power were 193 GHz and 0-415 W, Shapiro steps were observed. However, the 
current value of the 0th steps did not decrease to zero. Then, the microbridge of the detector was thinned by laser 
etching. After the etching, the values of IC, RN and ICRN product were 0.68 mA, 1.06  and 0.72 mV, respectively. In 
the RF wave response, the current value of the 0th step was decreased to zero. We thought that the difference of the 
values of impedance of the junction and the antenna was decreased and the coupling was improved. 
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